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Reversing Ongoing Chronic Intestinal Inflammation and Fibrosis
by Sustained Block of IL-12 and IL-23 Using a Vaccine in Mice

Qingdong Guan, PhD, MD,*"** Carolyn R. Weiss, MS,"* Shuhe Wang, MD,* Gefei Qing, MD,*
Xi Yang, PhD, MD,*# Richard J. Warrington, PhD, MD,*' Charles N. Bernstein, MD," and
Zhikang Peng, MD"*

Interleukin (IL)-12 and IL-23 that share subunit p40 are important cytokines in the pathogenesis of inflammatory bowel disease.
We reported that mouse p40 peptide-based vaccines ameliorated intestinal inflammation in the prevention of trinitrobenzene
sulfonic acid (TNBS)-induced murine colitis model. Here, we evaluated whether administration of the vaccine after establishment
of colitis would be effective in modifying both TNBS-induced and dextran sulfate sodium (DSS)-induced chronic colitis and the
underlying immune mechanisms. We further examined whether vaccination could exacerbate infections. Chronic colitis was devel-
oped by either intrarectally administrating TNBS or drinking 4% DSS water. Vaccination started after two TNBS administrations
or 7 days of DSS treatment. Results showed that administrating p40 vaccine induced high tittered antibodies to IL-12 and 1L-23,
improved clinical scores, reduced intestinal inflammation and fibrosis, and down-regulated proinflammatory cytokine productions
in colon tissue, compared with control mice. Furthermore, in lamina propria mononuclear cells and/or mesenteric lymph nodes,
mice immunized with p40 peptide vaccine exhibited high ratios of Treg/Th1 and Treg/Th17 cells and increased IL-10 expression
in CD11c*IL-10*cells. In mice infected with lung chlamydia, in which the protective role of Th1/Th17 is well documented, vaccine
immunization did not increase lung bacterial burden. We conclude that p40 vaccine may provide a potential and safe approach

for treatment of IBD.
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INTRODUCTION
Inflammatory bowel disease (IBD) refers to idiopathic
intestinal inflammation, which is traditionally classified as
Crohn’s disease (CD) and ulcerative colitis (UC).! 2 Studies
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have demonstrated that Thl and Thl17 cells play important
roles in the pathogenesis of Crohn’s disease.’” Interleukin-12
is required for an effective polarization of naive T helper
cells to the Thl phenotype characterized by the expression
of TFN-y, while IL-23 stabilizes the proliferation of Thl7
cells. Overproduced IL-12 and IL-23 have been found in the
Crohn’s disease patients.* ® As IL-12 and IL-23 share p40
subunit, IL-12/IL-23p40 has been considered as the target
for the treatment of Crohn’s disease.’” Monoclonal antibod-
ies (mAD) against IL-12/IL-23p40 have been developed and
tested in clinical studies.* ! Briakinumab and Ustekinumab are
human monoclonal antibodies against IL-12/IL-23p40, which
induced clinical response and remission in a certain subtype
of patients with CD.%!"! In a phase 2b trial, although the pri-
mary end point of clinical remission at week 6 was not met,
Briakinumab numerically induced greater rates of remission
and response in moderate to severe active CD patients at weeks
6, 12, or 24, when compared with placebo treatment.'” In a
phase 3 randomized trial, Ustekinumab treatment induced sig-
nificant clinical response and remission in moderate to severe
CD patients refractory to prior TNF antagonists.!" This clin-
ical improvement in mAb-treated patients may be associated
with decreases in Thl-mediated inflammatory cytokines (IL-
12, IFN-y, and TNF) at the site of disease.’

As Crohn’s disease is a chronic inflammatory disease,
long-term treatments are required. Monoclonal antibodies
have a short half-life, and repeated injections are required to
maintain their effects. Adverse reactions include high rates of
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acute infusion reactions and the development of antibodies to
the infused mAb, which reduces the effectiveness of the treat-
ment and occurs in 61 % of the patients receiving infliximab (an
mAb to TNF) therapy,'>'* and also occurs in patients receiv-
ing the mADb to IL-12/IL-23p40 treatment.® To overcome these
disadvantages, a new active immunization strategy employing
vaccines that target over-expressed endogenous molecules is
being investigated.'"* This therapeutic vaccine induces rela-
tively long-lasting antibody responses to the target cytokine.
The vaccine strategy may provide an add-on supplement to the
monoclonal antibody treatment, especially for the maintenance
treatment of chronic inflammatory diseases.

We have successfully developed IL-12/IL-23p40 pep-
tide-based vaccines which induce relatively long-lasting anti-
bodies against IL-12, IL-23, and p40.'>!1¢ The antibodies induced
by these vaccines are able to block the biological functions of
1L-12 or IL-23 in vitro.'> 7 We have further demonstrated that
immunization of mice with the p40 vaccine ameliorates TNBS-
induced acute and chronic intestinal inflammation and fibrosis
significantly, when the vaccine is given before the induction of
the colitis.!> '* However, the most important issue for a thera-
peutic strategy is whether this treatment is still effective when
given after the disease has been established, especially on a
chronic status. A potential concern with the p40 vaccine is that
it may impede the normal functions of IL-12 and IL-23 in host
defense against infections.

To address these, in the present study we administered
the p40 peptide-based vaccine in mice with established TNBS-
induced chronic colitis and evaluated clinical effectiveness and
the immune mechanisms involved. As dextran sulfate sodium
(DSS)-induced colitis represents human ulcerative colitis,'s we
also evaluated the effectiveness of this vaccine in mice with estab-
lished DSS-induced chronic colitis. Furthermore, using a mouse
model of chlamydia lung infection in which IL-12 and IL-23 are
elevated,'”?! we examined whether this vaccine immunization
could exacerbate the severity of chlamydial lung infection.

MATHERAILS AND METHODS

Animals

Female BALB/c mice (7-8 weeks old), purchased from
Charles River Laboratories (Saint-Constant, Quebec, Canada),
were maintained at the Central Animal Care Services at the
University of Manitoba. The animal procedures were per-
formed in accordance with the animal management rules of the
local authorities and approved by the University of Manitoba
Animal Ethics Committee.

Protocols of Vaccine Immunization and

Induction of Colitis
The IL-12/IL-23p40 vaccine, which consists of a peptide
of 9 amino acids derived from mouse p40 unit and a carrier
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protein hepatitis B core antigen (HBcAg), was prepared and
identified using the methods previously described.”> TNBS-
induced chronic intestinal inflammation was developed by
weekly intrarectal injection of TNBS 8 times (0.5-2.5 mg).
Four days after the second injection of TNBS, mice were sub-
cutaneously injected 3 times at a 2-week interval with vaccine,
carrier (HBcAg), or saline (100 pg, 25 ng, and 25 pg in 200 pl,
respectively) (n = 16). Mice were sacrificed 10 days after the last
TNBS administration. The protocol is shown in Fig. 1A.

DSS-induced chronic colitis was achieved by 4 cycles
of DSS water treatment. In each cycle, mice received 4% DSS
drinking water for 7 days, followed by normal drinking water
for 7 days. After the first cycle, mice were subcutaneously
injected 3 times with vaccine, carrier, or saline as performed
previously (n = 16). Mice were sacrificed 10 days after the last
DSS treatment. The clinical scoring of a disease activity index
(DAI) for DSS-induced chronic colitis was based on stool con-
sistency and bleeding.”? Stool consistency was categorized as
follows: normal, 0; pasty, semiformed, 1; sticky, 2; sticky with
some blood, 3; and completely liquid, bloody, or unable to defe-
cate after 10 minutes, 4. Rectal bleeding was categorized as fol-
lows: no blood, 0; visible blood in rectum, 1; and visible blood
on fur, 2.

Histological examination

Ten percent buffered formalin—fixed and paraffin-em-
bedded colon sections were cut and stained with Haemotoxylin
and Eosin for the evaluation of inflammation or Masson’s
trichrome for the evaluation of collagens. Histological scor-
ing was evaluated by a pathologist blinded to the source of
treatment, based on the method previously described.?® During
each histological examination, 3 different parameters were
estimated: severity of inflammation, depth of injury, and crypt
damage. All values were added to a sum; the maximum possi-
ble score was 10.

Soluble Collagen Assay

Colons were homogenized in 0.5M acetic acid containing
1 mg of pepsin (at a concentration of 10 mg of tissue/5 ml of
acetic acid solution). The resulting mixture was then incubated
and stirred for 24 hours at 4°C. Total soluble collagen content
of the mixture was determined with a Sircol Collagen Assay Kit
(Biocolor, Carrickfergus, County Antrim, United Kingdom).?*
Acid soluble type 1 collagen supplied with the kit was used to
generate a standard curve.

Measurements of Antibodies and Cytokines by

Enzyme-linked Immunosorbent Assay (ELISA)
Frozen colonic samples were mechanically homoge-
nized in buffer containing 1M Tris-HCI, 3M NaCl, and 10%
Triton, supplemented with protease cocktail (Sigma-Aldrich).
Samples were then frozen (—70°C) and thawed (37°C) 3 times,
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FIGURE 1. P40 peptide vaccine treatment induces high levels of specific antibody responses and ameliorates body weight loss after TNBS chal-
lenges. Mice were intrarectally administrated with TNBS once a week for 8 weeks to induce chronic colitis. Four days later after the second TNBS
administration, mice were subcutaneously injected with p40 peptide vaccine, carrier, or saline 3 times at a 2-week interval (n = 16/group). Ten days
after the last TNBS delivery, mice were sacrificed. A, protocol of TNBS-induced chronic colitis and vaccine immunization. B, body weight changes. C,

antibody responses induced by IL-12/IL-23p40 vaccine.

followed by centrifugation at 14,000 rpm for 30 minutes at 4°C.
Supernatants were frozen at —70°C until assay.

Serum p40-, IL-12-, and IL-23-specific IgG levels were
assayed by using ELISA techniques established in our labo-
ratory.!> 17 The results were expressed using optical density at
405 nm (OD,,). Serum-specific IgG titers were also assayed by
ELISA using pooled sera and the results were expressed using
“titer,” the reciprocal of the highest dilution in which the OD
was twice that of the corresponding control serum when its
OD,, was 0.10. Cytokine concentrations in colon tissues were
measured by ELISA according to the manufacturer’s instruc-
tions. The kits for measuring IL-12p40, IL-17, and TNF-a
were purchased from BD Bioscience and the kits for measur-
ing IL-23 and IL-10 were purchased from eBioscience.

Intracellular Staining of Th1, Th17, and Treg Cells

To examine the percentages of Thl and Th17 cells, 1 X 10°
single-cell suspensions were cultured and stimulated for 7 hours
with 50 ng/mL phorbol myristate acetate and 1 pg/mL ionomy-
cin (Sigma-Aldrich), with brefeldin A added for the last 4 hours
of culture. Cells were harvested, washed, and stained with
anti-CD4 mAb (eBioscience). Surface-stained cells were fixed
(2% paraformaldehyde) and resuspended in permeabilization
buffer (0.5% saponin). This was followed by staining for intra-
cellular IL-17 or IFN-y (eBioscience). For Foxp3* Treg stain-
ing, cells were fixed in eBioscience fixation and permeabilization

buffer after the staining of surface molecules CD4 and CD25.
Then the cells were permeabilized in eBioscience buffer and
stained for Foxp3 according to the manufacturer’s instruction.
Cells were analyzed using a FACSCanto II (BD Biosciences).

Chlamydial Infection and Quantitation of
Chlamydial in Vivo Growth

To evaluate whether vaccine immunization increases
the susceptibility to lung chlamydial infection, mice were first
immunized with vaccine, carrier, or saline 3 times at 2-week
intervals. Two weeks later, the mice were anesthetized and inoc-
ulated intranasally with 1 X 10? inclusion-forming units (IFU)
of Chlamydia muridarum in 40 pl final volume of PBS. Eight
days later, the mice were sacrificed. Body weight was monitored
weekly from the beginning of the experiment. Serum p40-,
IL-12-, and IL-23-specific IgG were assayed every 2 weeks to
ensure the levels of specific antibody responses. Lung histol-
ogy and quantification of the number of chlamydial were per-
formed as described previously.

Statistical Analysis

Values were expressed as mean * standard error of mean
(SEM). Differences between experimental groups were assessed
by 1-way analysis of variance (ANOVA), followed by Newman-
Keuls multiple comparison tests (GraphPad Software, San
Diego, California, USA). P values < 0.05 were considered

1943



Guan et al

Inflamm Bowel Dis  Volume 24, Number 9, September 2018

statistically significant. In all figures, “*” represents P < 0.05;
7 represents P < 0.01; “***” represents P < 0.001.

RESULTS

P40 Peptide Vaccine Induces Specific IgG
Antibodies and Increased Body Weight in TNBS-

induced Chronic Colitis

The protocol was shown in Fig. 1A. After the first TNBS
challenge, all mice showed obvious body weight loss at the first
2 days, and then gradually recovered in 1 week. After week
4, mice immunized with the p40 peptide vaccine showed sig-
nificantly increased body weight when compared with mice
receiving saline or carrier (Fig. 1B), as after 2 immunizations,
the p40 peptide vaccine had induced relatively high levels of
antibodies against 1L-12, 1L-23 and p40 (Fig. 1C). The titers
of the serum pooled from p40 peptide vaccine immunized mice
were 120,000 for p40-specific 1gG, 70,000 for IL-12 specific
IgG, and 10,000 for IL-23-specific IgG, which were similar to
our previous reports.'® This explained why the body weight in
p40 peptide vaccine group was obviously increased after week 4
when compared with carrier and saline groups, indicating that
vaccine treatment could improve body weight loss in ongoing
chronic colitis.

P40 Peptide Vaccine Ameliorates Intestinal

Inflammation in TNBS-induced Chronic Colitis

In addition to the improvement of body weight loss, p40
peptide vaccine treatment also ameliorated TNBS-induced
chronic intestinal inflammation. Histological analysis revealed
that colons from saline and carrier groups exhibited obvious
inflammation, including inflammatory cell infiltration, goblet
cell reduction, and distorted architecture (Fig. 2A, B), which is
similar to what we have found in the prevention study.'® In con-
trast, colon tissues of vaccine-treated mice showed much less
inflammation than controls. The vaccine-induced improvement
of colon inflammation was further confirmed by semiquan-
titative analysis in which treated mice had significantly lower
inflammatory scores than those in saline and carrier groups
(P <0.01) (Fig. 2C).

P40 Peptide Vaccine Treatment Inhibits Fibrosis
in TNBS-induced Chronic Colitis

Development of colon fibrosis is one of the major char-
acteristics of chronic colitis. As shown in Fig. 3A and 3B, com-
pared with the normal group, the amount of collagen (the blue
color) is increased in subepithelium, deeper layers of the colonic
lamina propria, and the muscular layer in the saline and car-
rier groups. But no significant increase in collagen deposition
was observed in p40 peptide vaccine-immunized mice. The
reduction in collagen deposition was further confirmed by
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FIGURE 2. P40 peptide vaccine treatment ameliorates intestinal
inflammation in established TNBS-induced chronic colitis. Colonic
specimens were formalin-fixed and embedded in paraffin blocks, and
then 6-pm sections were stained with hematoxylin and eosin (H&E).
A, Representative H&E staining histological images of colon samples
(original magnification x 100). B, Representative H&E staining his-
tological images of colon samples (original magnification x 200). C,
Semiquantitative analysis of histological inflammation. H&E scores
0-10 were given for each mouse. (**, P < 0.01).
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FIGURE 3. P40 peptide vaccine treatment reduces colon fibro-

sis in established TNBS-induced chronic colitis. A, Representative
colon sections stained with Masson’s trichrome showing colla-

gen deposition (the blue color) (original magnification x 100). B,
Representative colon sections stained with Masson’s trichrome
showing collagen deposition (original magnification x 200). C,
Quantitation of soluble collagens in the colon tissue, measured by a
Sircol assay. (*, P < 0.05).

quantitative measurement of soluble collagen. The amount of
soluble collagen in vaccine-treated mice was significantly lower
than those in the saline and carrier groups (P < 0.05), which was
reduced almost to the normal level (Fig. 3C), confirming that
p40 peptide vaccine immunization could intervene the develop-
ment of colon fibrosis in chronic colitis.

P40 Peptide Vaccine Down-regulates Colon
Cytokine Expression in TNBS-induced Chronic
Colitis

After administrations of TNBS, the cytokine levels of
1L-23, IL-17, TNF and IL-10 in colon tissue of saline and
carrier groups were significantly higher than those in normal
controls (Fig. 4). As expected, these cytokine levels were signifi-
cantly decreased in p40 peptide vaccine-treated mice (P < 0.05),
indicating that vaccine treatment is effective in down-regulating
cytokine production in the colonic tissue of chronic colitis.

P40 Peptide Vaccine Decreases Clinical Scores
and Colon Inflammation in DSS-induced Chronic
Colitis

TNBS-induced colitis represents Crohn’s disease, while
DSS-induced colitis is similar to ulcerative colitis. To confirm the
therapeutic role of the p40 vaccine, DSS-induced chronic colitis
was used to evaluate the effectiveness of the p40 vaccine strat-
egy. The protocol of DSS-induced chronic colitis and vaccine
immunization was shown in Fig. SA. Mice first received 4% (wt/
vol) DSS drinking water for 7 days to induce intestinal inflam-
mation. After the intestinal inflammation developed, on day 10
mice started to receive injections of the vaccine, vaccine carrier,
or saline three times at a 2-week interval. Our results showed
that after DSS challenges, the clinical scores were significantly
increased in the saline and carrier groups, compared with normal
mice (Fig. 5B). But in p40 peptide vaccine-treated mice, the clin-
ical score was significantly lower than in the saline and carrier
control groups (P < 0.05). Vaccine treatment also significantly
improved colon inflammatory scores (H&E staining, P < 0.01)
and soluble collagen deposition (P < 0.05), compared with con-
trol groups (Fig. SC-E). The collagen levels in vaccine-treated
mice were close to those of normal mice. The levels of cytokines
(TNF, IL-17, IL-12/1L-23p40, and IL-10) in colon tissue were
also significantly reduced in vaccine-treated mice (Fig. SF).
These results have demonstrated that administration of the p40
vaccine to ongoing chronic colon inflammation is also effective
in a different chronic murine colitis model: DSS-induced colitis.

The Effects of P40 Peptide Vaccine on the
Percentages of Th1, Th17, and Treg Cells in TNBS-

induced Colitis
Crohn’s disease is usually described as a Th1 and Th17 cell-
mediated disease, in which Th1 and Th17 cells are increased.* As
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FIGURE 4. P40 peptide vaccine treatment down-regulates colon cytokine production in established TNBS-induced chronic colitis. Frozen colonic
samples were mechanically homogenized in buffer supplemented with protease cocktail. Samples were centrifuged to get the supernatants. The
concentrations of IL-23, IL-17, TNF, and IL-10 in the supernatants were determined by ELISA. (¥, P < 0.05).

1L-12 and IL-23 play important roles in the differentiation of
Th1 and Th17 cells, respectively, IL-12/IL-23p40 vaccine might
exert its effects through inhibiting these 2 pathways. As indicated
in Fig. 6A, the percentages of CD4*IFN-y* Thl and CD4*IL-17*
Th17 cells are increased in mesenteric lymph nodes (MLNs)
after TNBS challenges when compared with normal controls.
However, p40 peptide vaccine treatment could down-regulate the
percentages of Thl and Th17 cells. In Crohn’s disease, regula-
tory T cells (Treg) are dysfunctional due to either the defective
number or their faulty suppressive function-or both.?® The per-
centage of CD4*CD25*Foxp3* Treg in MLNs was also analyzed.
Our results showed that vaccine treatment could slightly increase
the percentage of Treg, compared with those in saline and carrier
groups (P>0.05, Fig. 6A). Although the changes did not reach
statistically significant differences, further analysis of the ratios
of Treg to Th17 and Treg to Th1 in MLNs showed a significant
increase in the p40 peptide vaccine-treated group when com-
pared with the saline and carrier groups (Fig. 6B). Similarly, after
p40 peptide vaccine treatment, the percentages of Thl and Th17
in lamina propria mononuclear cells (LPMCs) were decreased
when compared with the saline or carrier group, but there were
no significant changes on the percentage of Tregs in LPMCs
among these 3 groups (Fig. 6C). The ratios of Treg to Th17 and
Treg to Thl in LPMCs were increased in the vaccine-treated
group (Fig. 6D). Taken together, these results indicated that p40
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peptide vaccine treatment could rebalance Thl, Th17, and Treg
responses in murine colitis.

P40 Vaccine Promotes the Production of IL-10
by CD11c* Cells in LPMCs of TNBS-induced
Colitis

IL-12 and IL-23 are mainly produced by activated pro-
fessional antigen presenting cells (APCs), such as dendritic cells
(DCs) and macrophages. IL-12, TL-23, and p40 can also influ-
ence the function of these professional APCs, for example, pro-
moting their migration and lipopolysaccharides (LPS)-induced
DC maturation.””-?® Here we evaluated the influences of vac-
cine treatment on CD11b* cells and CD11c* cells in LPMCs,
which included macrophages and DCs. Compared with the
saline and control groups, the total number of LPMCs was sig-
nificantly decreased in the vaccine treatment group (Fig. 7A,
P <0.05). The numbers of CD11b* cells (Fig. 7B) and CD11c*
cells (Fig. 7C) in LPMCs were also significantly decreased after
vaccine treatment (P < 0.05). To our surprise, the percentage
of CD11c*IL-10* cells in LPMCs was increased after vaccine
treatment (Fig. 7D). These results indicated that p40 peptide
vaccine treatment decreased the infiltration of CD11b* cells
and CDl1l1c* cells into local inflamed tissue but increased the
production of IL-10 by CD11c* cells.
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P40 Vaccine Does Not Increase the Susceptibility
to Chlamydia Infection

As IL-12 and IL-23 play important roles in the host
defense against infections, there is a possibility that employ-
ment of IL-12/TL-23p40 vaccine might increase the susceptibil-
ity to infections. To address this concern, we tested the effects
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of p40 vaccine treatment on a mouse model of chlamydial lung
infection, in which Thl and Thl17 cells and 1L-12 and IL-23
production are vital for the defense against infection.??** Mice
were first immunized with p40 peptide vaccine 3 times to induce
antibody responses. After establishing high levels of antibod-
ies against I1L-12, IL-23, and p40 (Fig. 8A), at week 6 mice
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were intranasally administered with Chlamydia muridarum to
induce lung infection. All groups of mice receiving the infec-
tion demonstrated obvious body weight loss, but there was no
significant difference among the saline, carrier, and vaccine
groups (Fig. 8B). More importantly, the p40 peptide vaccine—
treated group did not show any difference in bacterial burden,
when compared with the saline and carrier groups (Fig. 8C)
(P > 0.05). Lung histological examination further confirmed
that there was no significant difference in inflammation among
the saline, carrier, and vaccine groups (Fig. 8D). Taken together,
our results suggested that mice immunized with 1L-12/IL-23p40
vaccine did not increase in susceptibility to or the disease pro-
cess of chlamydia lung infection.

DISCUSSION

Our previous studies have confirmed that vaccina-
tion of mice with IL-12/IL-23p40 vaccine could prevent the
development of TNBS-induced acute and chronic colitis.'®
In the present study, we evaluated whether administration
of this vaccine after the colitis has been established would
still be effective in TNBS-induced chronic murine colitis and
whether this vaccine strategy would also be effective in DSS-
induced chronic murine colitis, a model representing human
ulcerative colitis. Our results revealed that after TNBS- or
DSS-induced murine colitis has been developed, p40 peptide—
vaccinated mice had significant decreases in clinical score,
intestinal inflammation and fibrosis, and levels of p40, IL-23,

IL-17, and TNF in colon tissue, compared with the saline and
carrier groups.

Crohn’s disease is usually believed to be caused by an
overly aggressive Th1 immune response and an excessive 1L-23/
Th17 pathway activation by bacterial antigens in genetically
predisposed individuals.>* IL-12, vital for Th1 differentiation
to produce IFN-y, shares IL-12p40 subunit with another cyto-
kine, IL-23. TL-23 stabilizes the proliferation of Th17 cells and
promotes the production of IL-17.% % Therefore, blocking
TL-12/TL-23p40 might suppress the differentiation of both Thl
and Th17 cells. Our results have shown that Th1 and Th17 cells
are increased in murine colitis, confirming previous findings that
Thl and Th17 cells are involved in the pathogenesis of Crohn’s
disease. Similar to the results of our previously reported pre-
ventive study in TNBS-induced colitis,' in the present interven-
tion study, mice immunized with TL-12/IL-23p40 vaccine also
had decreased percentages of Th1l and Th17 cells in MLN, with
significant improvement of body weight loss and reduction
of colon inflammation and soluble collagen amounts, which
became close to the levels in normal mice.

Impaired balances of Th1/Treg and Th17/Treg responses
are also reported in IBD.? The dysfunction of Tregs in IBD
is usually believed to be due to defective number of Tregs or
their suppressive function, resulting in uncontrolled intesti-
nal inflammation. Recently, IL-23 has been found to restrain
the activity of Treg to drive T-cell-dependent colitis,®® and the
homodimer of p40 is found to suppress the expression of CD25
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and Foxp3.* Therefore, targeting IL-12/IL-23p40 using vaccine slightly increased in the saline and carrier groups after TNBS
strategy may promote Treg expansion. Our results indicated challenges (no significant difference) and obviously increased
that the percentages of CD4*CD25*Foxp3* Treg in MLNs were in vaccine-treated mice when compared with the normal group
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(Fig. 6A). The ratios of Treg to Th1 and Treg to Th17 decreased
in the saline and carrier groups, especially the ratio of Treg to
Th17 (Fig. 6B), which corresponds with the findings reported
by Eastaff-Leung et al, in which a significant decrease of Treg/
Th17 ratio is observed in the peripheral blood mononuclear
cells of IBD patients.’” However, p40 peptide vaccine treatment
increases the ratios of Treg to Th1 and Treg to Th17 in contrast
to those of the saline and carrier groups (Fig. 6B, D). This data
indicates that IL-12/IL-23p40 vaccine-mediated improvement
may be achieved via rebalancing Th1/Th17/Treg responses.

Studies already showed that intestinal macrophages
and dendritic cells play critical roles in maintaining intestinal
homeostasis and are also drivers of the pathology associated
with IBD through inappropriate responses to enteric micro-
bial stimuli, inefficient clearance of microbes from host tissues,
and impaired transition from pro-inflammatory responses to
anti-inflammatory responses that promote resolution.* The
effects of TL-12/IL-23p40 vaccine on macrophages and DCs
were explored in the present study. The p40 subunit contrib-
utes to both the IL-12 and IL-23 heterodimers. However,
p40 can also be secreted as a monomer p40 or a homodimer
p80.4- 41 P40 is secreted at a 50-fold higher rate than IL-12
in a murine shock model and at a 10-20-fold excess in stim-
ulated human peripheral blood cells.”® Natural p80 exists at
20%—40% of the total p40 in the serum in the murine model
of systemic infection.”® Studies have shown that p80 can act
as a macrophage chemoattractant and an inducer of DC
migration.*>* Recombinant murine p80 can act as the chemo-
attractant for both rat and mouse macrophages over a dose
range of 10-1000 ng/ml.* And Rusell et al have demonstrated
that intratracheal delivery of recombinant murine p80-not
recombinant murine IL-12 or p40-promotes the recruitment
of macrophages into the airway.* It has also been reported
that migration of DCs from the lung to the draining lymph
nodes after exposure to Mycobacterium tuberculosis (Mtb) is
defective in mice lacking p40, not in mice lacking IL-12p35.
The delivery of p80 to p40-deficient DCs restores Mtb-induced
DC migration and the ability of p40-deficient DCs to activate
naive T cells.* Our results showed that IL-12/IL-23p40 vac-
cine treatment significantly decreased the total cell numbers
and the numbers of macrophages and DCs in LPMCs, sug-
gesting that the infiltration of macrophages and DCs into the
inflamed colon tissue was inhibited via blocking the functions
of IL-12/IL-23p40 or p80. Our results also showed that IL-10
production was increased in CD11c* DCs in p40 peptide vac-
cine-treated mice, suggesting that promoting IL-10 production
from CDI11c* DCs may be another mechanism involved in p40
peptide vaccine—mediated improvement. In a future study, we
will systemically explore whether IL-12/IL-23p40 peptide vac-
cine treatment will influence the functions of intestinal mac-
rophages and DCs in the response to enteric microbial stimuli,
clearance of microbes, and transition of pro-inflammation or
anti-inflammation.

A potential concern with cytokine vaccines is that the
long-lasting auto-antibodies against cytokines might increase
the susceptibility to certain infections, as IL-12 and TL-23
also plays an important role in the host defense against infec-
tions, such as chlamydia infection. The levels of IL-12 and
IL-23 are increased in chlamydia infection.?! Neutralization
of IL-12 inhibits chlamydia-specific delayed-type hypersen-
sitivity, which is required for chlamydia clearance, delaying
chlamydia clearance.®® Recent evidence shows that Th17/
IL-17 also contributes to the protection against chlamydial
lung infection.?* ¢ Therefore, we explored the effects of 1L-12/
1L-23p40 vaccine on the Chlamydia muridarum lung infection
in the present study. Our results showed that immunization
of TL-12/TL-23p40 vaccine did not exaggerate this infection
or disease process because the body weight loss, Chlamydia
muridarum burden, and lung inflammation are comparable
among saline, carrier and p40 peptide vaccine-treated groups
(Fig. 8), indicating that immunization with IL-12/TL-23p40
vaccine may not increase the susceptibility to Chlamydia
muridarum infections. Since host defense against chlamydial
lung infection typically replies on Th1/Th17 responses, the
finding is very encouraging. It might suggest that the degree
of inhibition on Thl and Thl7 responses induced by the
p40 peptide vaccine is beneficial for controlling the chronic
inflammation in inflammatory bowel diseases but not detri-
mental to host defense against infections. It should be noted,
however, that this conclusion cannot be drawn just from
one or even several types of infections. Further exploration
of the effect of this p40 peptide vaccine on different types
of infection, especially in the gut infection models such as
Citrobacter rodentium GI infection* and measurements of
relevant immune responses, should be warranted before it is
used as a therapeutic strategy.

In summary, our results have demonstrated that admin-
istration of the IL-12/TL-23p40 vaccine is effective in amelio-
rating ongoing TNBS-induced chronic intestinal inflammation
and fibrosis through rebalancing Th1/Th17/Treg responses and
increasing IL-10 production from CDI11c* DC cells in LPMCs.
Furthermore, we have also evaluated the p40 vaccination in a
different colitis model and found that this strategy is effective in
the intervention of DSS-induced chronic colitis. Encouragingly,
this p40 peptide vaccine strategy did not increase the suscep-
tibility and pathogenesis of Chlamydia muridarum lung infec-
tion, in which Th1 and Th17 responses play a critical role for
host defense. Therefore, the IL-12/TL-23p40 vaccine may pro-
vide a potential and safe approach for the long-term treatment
of inflammatory bowel disease and other disorders where IL-12
and IL-23 are important pathogenic cytokines.
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